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Antimicrobial consumption in animals



DANMAP data flow



Text boxes in chapter 4 (Antimicrobial consumption in 
animals), DANMAP 2022



Antimicrobial consumption in animals and humans –
a historical overview
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Relative distribution of biomass and antimicrobial consumption, 
animals, 2022 
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Antimicrobial consumption in animals and humans, 2013-2022



Units for antimicrobial consumption – kg active compound & 
treatments of pigs
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Consumption of antimicrobials in pigs

Weaners
Weaners

10 DAPD corresponds to that 1% of the pig population is treated on a given day



Antimicrobial (DAPD) and zinc oxide (kg) consumption in weaners, 
Denmark, 2013-2022
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Action Plan – target for reduction of 
antimicrobial consumption in pigs



Antimicrobial consumption in cattle, systemic use
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Antimicrobial consumption in cattle, intramammaries
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Consumption of antimicrobials in poultry
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Consumption of antimicrobials in companion animals, horses 
and unspecified

• The consumption for companion animals was estimated 

to be 2,143.3 kg in 2022, which was the same as in 

2013 and 14.9% lower than in 2021 

• More than half of all cephalosporins, all 3rd and 4th 

generation cephalosporins, as well as close to all 

fluoroquinolones prescribed for veterinary use, were 

prescribed for companion animals
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• Take-home message 
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DANMAP data flow
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Consumption is counted by several means

Defined daily doses (DDD)Number of prescriptions Number of treated patients

The DDD is the assumed average maintenance dose 

per day for a drug used for its main indication in adults”
”
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Consumption units 

DDD

Defined Daily Dose

DID
DDD per 1000 Inhabitants per Day

DBD
DDD per 100 Bed-Days

DAD
DDD per 100 Admissions
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DANMAP textboxes
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Antimicrobials in Denmark
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Antimicrobials in primary health care
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Antimicrobials in primary health care
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Antimicrobials for respiratory tract infections
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Antimicrobials in long term care facilities
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Antimicrobials in hospitals
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Antimicrobials of special critical interest
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International surveillance of antimicrobials
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Take-home message 

• Consumption of antimicrobials in Denmark has decreased in the last 10 years, but the consumption is 
bouncing back to the pre-pandemic level

• Consumption of antimicrobials in primary health care follows waves of various respiratory infections

• Elderly inhabitants aged 65 and above living in long term care facilities received 88% more antibiotics 
in 2022 than elderly inhabitants living in their own homes, despite consumption for in long term care 
facilities decreased by 30% from 2016 to 2022

• Consumption of broad-spectrum antimicrobials in hospitals continues to rise and is compensated by 
dispensing permits in case of shortages

• Consumption of antimicrobials of special critical interest in hospitals continues to decrease.
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Thank you for your attention!

- Find us here www.danmap.org
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Antimicrobial resistance in bacteria 

from food animals and food 

Ana Sofia Ribeiro Duarte
Senior Researcher, DVM, PhD

Foodborne Pathogens and Epidemiology

DTU National Food Institute
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EU legislation for harmonized AMR monitoring

Decision 2020/1729/EU, 1 January 2021:

➢ Mandatory monitoring of:

• Campylobacter coli

• ESBL-, AmpC- or CP-producing E. coli in fresh turkey meat sampled at retail and at BCPs (even 

years)
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Overview of animal isolates reported in DANMAP 2022

Caecal samples:

– All samples: indicator E. coli 

– Broilers and cattle: Campylobacter spp. (C. jejuni, C. coli, other species)

– Broilers: ESBL/AmpC/CP-producing E. coli and Enterococcus spp. (E. faecium, E. faecalis)

Meat samples collected at retail:

– Broiler meat and turkey meat: ESBL/AmpC/carbapenemase-producing E. coli

– Imported pork: Salmonella spp.

Carcass swabs at the slaughterhouse:

– Pig carcasses: Salmonella spp. (national control program)

5

Turkey meat
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Ana Sofia R. Duarte (DTU Food)

Jeppe Boel  (SSI)



Resistance in zoonotic bacteria - Textboxes
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Textbox 6.1 – Detection of resistance genes and point mutations in

Salmonella and Campylobacter using whole genome sequencing

Jeppe Boel (SSI)



DANMAP 2022– Campylobacter jejuni

7

➢ Increase in %FS from last 2 years in 

broilers discontinued in 2022 

➢ %FS isolates in cattle continued to 

increase

➢ % CIP/TET on decreasing trend and 

%CIP on increasing trend among 

domestic cases

➢ Resistance overall highest among travel 

cases, and lower %FS in 2022

few isolates in 2021!



DANMAP 2022– C. jejuni and C. coli
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Campylobacter coli:

• Ciprofloxacin resistance similar to C. jejuni (39%)

• Tetracycline resistance higher in C. coli (45%) 

• Gentamicin, erythromycin and chloramphenicol resistance - not 

observed

• Ertapenem resistance markedly higher in C. coli (23%)

➢ Higher AMR occurrence in human

isolates 

➢ Common CIP and TET resistance

➢ Ertapenem resistance detected in 

C. jejuni from broilers and humans 

(highest among travel cases)

➢ CIP on increasing trend



DANMAP 2022 – Salmonella Typhimurium

9

➢ ASuT remains most common 

MDR profile, but on decreasing 

trend

➢ %FS isolates from pork and 

domestic cases decreased

➢ Majority of ASuT isolates from 

humans were monophasic ST34 



DANMAP 2022– Salmonella Typhimurium

10

➢ Absent or rare resistance to 3rd generation cephalosporins, 

meropenem, colistin, amikacin, and tigecycline

➢ Higher AMR occurrence in pork

isolates 

➢ Azithromycin resistance detected at 

low levels in pork isolates and in 

travel cases

➢ Fluoroquinolone (ciprofloxacin and 

nalidixic acid) resistance detected in 

human isolates, mostly in travel 

cases



DANMAP 2022– Salmonella Derby

➢ Lower AMR occurrence than S. Typhimurium (69% FS) 

➢ Increase in occurrence of resistance to 

sulfamethoxazol and trimethoprim resistance

➢ Decrease in resistance to ampicillin, tetracycline and

chloramphenicol. 

➢ Low or absent resistance to azithromycin, tigecycline, 

amikacin, 3rd and 4th generation cephalosporins, 

colistin, gentamicin, meropenem or fluoroquinolones.
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Ana Sofia R. Duarte (DTU Food)



Resistance in indicator bacteria - Textboxes

13

Textbox 7.1 – Antimicrobial resistance trends in indicator E. coli in Danish 

pigs, broilers, and cattle 2014 to 2022

Joana Pessoa (DTU Food)



DANMAP 2022 - Indicator E. coli

14

➢ %FS isolates continued to increase in broilers

and to decrease in cattle, however

➢ No significant trend in %FS in the last 5 years

➢ %MDR isolates decreased in pigs and broilers 

and increased in cattle
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DANMAP 2022 - Indicator E. coli

15

➢ Increase in ciprofloxacin resistance in broiler isolates

➢ Increase in % resistance to several substances in 

isolates from cattle

➢ Decrease in % resistance to most substances in isolates 

from pigs

➢ Decrease in % resistance to ASuT substances in 

isolates from broilers



➢ 52% of imported turkey meat samples 

presented ESBL- and/or AmpC-

producing E. coli

DANMAP 2022 - ESBL-, AmpC-, CP-producing E. coli

16

➢ %ESBL- or AmpC-producing E. coli 

continued to decrease in broilers and 

broiler meat

➢ %ESBL- or AmpC-producing E. coli still

higher in imported broiler meat

➢ No detection of CP-producing E. coli

Turkey meat



DANMAP 2022 - ESBL-, AmpC- producing E. coli

17

➢ Phenotypic and genotypic profiles mostly in 

concordance

➢ 14 different ESBL genes detected, 9 as the 

only encoding gene 

➢ Genes CTX-M-1 and TEM-1B most 

common among ESBL-producing isolates

➢ CTX-M-15 highly frequent in isolates from 

imported turkey meat

➢ 46% of isolates from turkey meat with more 

than one ESBL encoding gene

➢ Upregulated AmpC promotor C-42T 

mutations most common among AmpC-

producing isolates

➢ All AmpC+ESBL-producing isolates with 

gene TEM-1B



DANMAP 2022 - ESBL-, AmpC- producing E. coli
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DANMAP 2022 - Indicator Enterococcus faecalis

19

➢ E. faecium with levels of % resistance similar to 2020

➢ E. faecalis: decrease in % tetracycline resistance and increase in % erythromycin resistance 

compared to 2020



DANMAP Explorer - interactive AMR data visualisation 

DANMAP Explorer 1 

Explore data on resistance in 

indicator and zoonotic bacteria

DANMAP Explorer 2 

Explore data on ESBL/AmpC-

producing E. coli 

Available at : www.danmap.org
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Resistance in human pathogens

Danish Programme for surveillance of antimicrobial consumption and 

resistance in bacteria from food animals, food and humans

Mikkel Lindegaard
MSc Eng (biotech), PhD

National Reference Laboratory for 
Antimicrobial Resistance
Statens Serum Institut



This year’s textboxes

• Textbox 8.1 - Dicloxacillin capsules contaminated with CPE in Denmark and Iceland

• Textbox 8.2 - Fungaemia epidemiology, resistance rates and human antifungal 
consumption: a 2021-2022 update

• Textbox 8.3 - Mycoplasma genitalium



Resistance in human pathogens



Invasive infections



E. coli - invasive infections and urine

Invasive infections Hospital urines Primary healthcare urines



ESBL E. coli from invasive infections
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K. pneumoniae – invasive infections and urine

Invasive infections Hospital urines Primary healthcare urines



Enterococci and vancomycin resistant enterocci



CPO/CPE
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MRSA
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Main messages

• The incidence of invasive infections appears to have reached a plateau

• After years of decreasing resistance rates, they have now either stabilised or are
increasing

– K. pneumoniae resistance towards piperacillin-tazobactam is now nearly 10 %!

• Fewer invasive infections with enterococci, but more resistance towards vancomycin

• Continued increase in number of CPO – largely with unknown epidemiology

• After a decrease in the number of MRSA during the pandemic, numbers are
increasing again



Resistance in pathogenic 

bacteria from pigs
Lina M. Cavaco, Mikkel Lindegaard, Ute W. Sönksen, Pia T. Hansen & 

Jesper Larsen

Bacteria, Parasites and Fungi

Statens Serum Institut

Peter Damborg

Department of Veterinary and Animal Sciences

University of Copenhagen

Svend Haugegaard & Charlotte M. Salomonsen

Veterinary Laboratory

The Danish Agriculture and Food Council



Textboxes

9.1 Antimicrobial resistance in dogs and cats: focus on extended-

spectrum cephalosporinase-producing Escherichia coli and their 

resemblance to human clinical isolates
Peter Damborg, Mattia Pirolo, Frank Hansen, Louise Roer, Henrik Hasman and Luca Guardabassi

9.2 Insights into the genetic basis of neomycin resistance in clinical

Escherichia coli isolated from pigs
Luca Guardabassi and Peter Damborg, University of Copenhagen, Denmark

9.3 Assessing the burden of Antimicrobial Resistance and Usage in the 

Global Burden of Animal Disease programme: the start of the Danish case 

study
Sara Babo Martins, João Sucena Afonso, Christina Fastl, Kassy Raymond, Ben Huntington and Jonathan Rushton



Background

• Veterinary Laboratory, The Danish Agriculture and Food Council

– Receives clinical samples from pigs

– Performs bacterial culturing, species identification and antimicrobial susceptibility 

testing (AST)

– Published in DANMAP since 2015

• Actinobacillus pleuropneumoniae

– Lung infections

• Haemolytic Escherichia coli

– Post-weaning diarrhoea and other organs

• Streptococcus suis

– Septicaemia, meningitis, arthritis, endocarditis and other organs



Background

• Danish Veterinary Consortium

– Whole-genome sequencing (WGS)

• Illumina platforms

– Identification of resistance genes/mutations

• ResFinder and PointFinder

– Comparison of AST and WGS results

• 1st choice: ECOFFs (EUCAST)

• 2nd choice: Tentative ECOFFs (EUCAST)

• 3rd choice: Animal-specific clinical breakpoints (CLSI)

• 4th choice: Human clinical breakpoints (CLSI)



List of pathogenic bacteria

• A. pleuropneumoniae (AST and WGS)

• Bordetella bronchiseptica (AST and WGS)

• Clostridium perfringens (WGS)

• Erysipelothrix rhusiopathiae (WGS)

• Haemolytic and non-haemolytic E. coli (AST and WGS)

• Glaesserella parasuis (WGS)

• Klebsiella pneumoniae (AST and WGS)

• Salmonella enterica (AST and WGS)

• Staphylococcus hyicus (AST and WGS)

• S. suis (AST and WGS)



AST

Neomycin resistance in haemolytic E. coli

increased from 6.9% in 2016 to 43.2% in 2022

Problematic because neomycin is one of only a 

few drugs recommended in Denmark as first 

choice for treating E. coli-associated post-

weaning diarrhoea



Neomycin resistance in haemolytic E. coli
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pneumoniae and S. enterica

• Haemolytic E. coli also displayed 

medium to high frequencies of 

resistance to the other first-choice 

drugs

– Amoxicillin/clavulanic acid (13.5%)

– Ampicillin (60.9%)

– Spectinomycin (57.4%)

– Trimethoprim/sulfamethoxazol (54.8%)

– Streptomycin (78.0%)

ECOFF = 8 µg/ml

Neomycin resistance in haemolytic E. coli
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AST vs. WGS

• All B. bronchiseptica isolates were 

phenotypically resistant but 

genotypically susceptible to ampicillin

– Wrong animal-specific clinical breakpoint 

or presence of unknown resistance 

genes/mutations

• All K. pneumoniae isolates were 

phenotypically susceptible to 

cefotaxime but harboured mutations in 

ompK36/ompK37 associated with 

resistance cephalosporins

– Wrong ECOFF or single point mutations 

insufficient for resistance



Resistance genes of human relevance

• Linezolid

– cfr(B) and cfr(E) were present in 1.8% and 3.6% of the C. perfringens isolates

– optrA was present in 1.4% of the S. suis isolates

• 3rd, 4th and 5th generation cephalosporins

– blaTEM-169 gene was present in 1.9% of the non-haemolytic E. coli isolates

– blaSHV-27 was present in 6.3% of the K. pneumoniae isolates

• Carbapenems and colistin

– No resistance genes were detected



Future work

• Multidisciplinary analyses to investigate discordances between AST and WGS

– Identification of new resistance genes/mutations

– Establishment/evaluation of ECOFFs/animal-specific clinical breakpoints

• Bioinformatic analyses to investigate spread of resistance genes and 

pathogenic bacteria within and between animal and human populations

www.vetssi.dk/

Thank you for 

your attention!
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